The potencies of synthetic analogues of saxitoxin and the absolute stereoselectivity of decarbamoyl saxitoxin.
The potencies of synthetic saxitoxin (+/- STX) and six of its synthetic analogues, including the enantioselectively synthesized unnatural (-)enantiomer of decarbamoyl saxitoxin (dcSTX), were measured and compared to those of natural saxitoxin [(+)STX]. The analogues, all of which were racemic (+/-) mixtures except for dcSTX, varied in the substituents at the C6 position, the carbamoyl 'moeity', and the C12 position, the hydrated ketone. The ability of the toxins to inhibit the compound action potential (AP) and to displace radiolabeled natural saxitoxin (3H-STX) from nerve membranes at equilibrium were both used as potency assays. Biological activity of both (+)- and (-)dcSTX was analyzed by the kinetics of block of single Na+ channels reconstituted in planar lipid bilayer membranes, where it was demonstrated that only (+)dcSTX had biological activity. The potency of STX analogues fell markedly as the substituent at the C6 position became smaller; Ki values from the binding competition assay (at 4 degrees C) are: (+/-)6-methanolic-STX, 5 x 10(-10) M; (+/-)6-methyl-STX, 1 x 10(-6) M; (+/-)6-dihydro-STX, 3.5 x 10(-5) M. Replacement of the ketone at the C12 position by a methylene group was accomplished in two derivatives, although both also had substituents at the C6 position. The compound (+/-)6-methyl-12-deoxy-STX was about 0.03 as potent as (+/-)6-methyl-STX and only 10(-5) as potent as racemic (+/-)STX. In synthetic compounds where the benzyloxymethyl (-CH2OCH2C6H5) substituent occurred at the C6 position, the C12-methylene derivative still displayed some binding activity (Ki = 6 x 10(-4) M). However, when the same C6 derivatized compounds also contained a 6-membered heterocyclic group (-C3H8S2-) conjugated to carbon 12, the measured binding affinity was even further decreased (Ki = 2 x 10(-3) M). The findings show that substitutions on the carbon 6 position of STX have stronger effects on STX potency than previously believed, and that the toxin may form a hydrogen bond with the sodium channel at this site. Furthermore, the total removal of oxygen from the C12 position does not completely abolish the binding activity of the molecule.